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ABSTRACT

A,summarf_of modifications to Aerotherm's Boundary Layer Integral Matrix
Procedure (BLIMP) code is presented. These modifications represent a preliminary
effort to make BLIMP compatible with other JANNAF codes and to adjust the code
for specific application to rocket nozzle flows. Results of the initial verifi-
cation of the code for prediction of rocket nozzle type flows are discussed.

For those cases in which measured free stream flow conditions were used as inpul
to the code, the boundary layer predictions and measuremgnts are in cxesllent
agreement. In two cases, with free stream flow conditions calculated by annther
JANNAF code {TDK} for use as input to BLIMP, the predictions and the data were

in fair agreement for one case and in poor agreement for the other case. The
poor agveement is believed to result from failure of the turbulent model in BLIMP
to. account for laminarization of a turbulent flow. Recommendations for furthex

code modifications and improvements are also presented.
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SECTION 1

INFRODUCTION

Boundary layer behavior aleng the walls of a rocket nozzle plays an im-
portant reole in the performance of the nozzle. The shear layer detgrmiﬁes part
of the thrust less of the nozzle and the energy layer controls the heat trans-
fer to the wall and the wall temperature. There is a well establighed need
for a computer code which can caloulate boundary layer effects for flows with
large pressure gradients, chemical reactions, and a wide variety of wall con-
ditions. 7To this end Aerotherm's Bdundary Layer Integral Matrix Procedure
(BLIMP) was selected by the JANNAF Boundary Layer Suhcommittee as the standard

rerformance evaluation method.

The primary purpese of this report is to present the results of a pre-~
liminary effort to provide a version of the BLIMP code Lthat will serxve as the
standard boundary layer prediction tool for rocket nozzle flows. Section 2 con-
tains a brief summary of the special modifications made to BLIMP to increase its
utility to the rocket community. (Complete documentation of the original BLIMP

~code can be found in References 1 and 2.) The results of the verification tests
for the four sets of data considered are contained in Section 3. In general the
predictions are consistent with the data in the wall region of the boundavy layer.
This iz based on wall heat flux comparisons. There are some discrepancies in the
wake region; however, the predicted integral parameters are in reasonakle agrag-
‘ment with the data. In one case, for a 1aminafizing turbulent flowF the heat
flux predictions did not agree with the measurements. Section 4 contains recom-

mendations for further code developments and improvements.



SECTION 2

CODE MODIFICATIONS

This section contains a brief discussion of the additions and modifica-
tions to the BLIMP code which have been incorporated as a result of the present
work, Details of these modifications are_containéd in the interim user's man-
ual, rReference 3. This new version bf the BLIMP codse has been denoted as vexr-

sion J to distinguieh it from the standard BLIMP version.. Complete documenta-

" tion of the original code is presented in Refersnces 1 and 2.

2.1 NAMELIST

The BLIMP code was modified to accept the nozzle wall contour as (x, R)
coordinates in the namelist format output by the Two~Dimensional Kinetic {TDK)
computer program (Referenée 4}, These Ccoordinates are then uesed to calculate
the nozzle wall length ({assuming straight line segments between coordinate
paints) which is utilized in the internal coordinate system of the BLIMP code.
The pressure ratio which is reguired by BLIMP is also in the TDK namelist. A
subset (max 40) of the input stations (max 500) is then selected by the user
to be the BLINMP sclution stalions.

2.2 THERSOCHIEMICAL DATA

The BLIMP input format has been changed to accept the thermochamical
constants for calculation of enthalpy, entropy, and specific heat in the poly~
nomial form used by other JANNAF codes (Reference 5).

2.3 INPUT/QUTPUT CHANGES

~ In addition to the inpﬁt changes descrihed in Sectiong 2.1 and 2.2, the
BLIMP code has been modified to accept input in either the Internaticonal System
of Units (8I) or the English Engineering System of Units. The entire oulput of
the code has been formatted for SI units; however, in the case that English

“Trits are used azs input, they will alsc be used as output {the output headings

remain in SI units). The output has also been modified to include the boundary
layer thrust leoss (AF)}, the total heat flux to wall (éw), and the total wall
area {Aw) calculated in the following manner:
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where s is the wall length and é is the heat flux per unit area.

2n option has been added to calculate a new body contour or a new inviscid
flow field contour based on a correction to the input contour. The new contour

is given by

= + *
Ryew = Brwpygpy * 8% cos ¢

whera the + sign is for a new body contcur and the - sign is for a new inviscid
flow contour. For example, if the input contour is the desired inviscid flow
contour, then the new contour, calculated with the'+ sign, would be the cor-
responding no#zle wall contour. The new contour can be punched on cards in a
form suitable for input to the TDK program.

2.4  REFIT OPTION

~an option has been incorxporated into the ELIME code to adjust the nodal
distribution as the solution moves downzibream. This is accomplished hy refit-
ting the boundary layer proufiles and shilting the nodes to ibsure that the nodes
are slways well placed. This option maintains a nodal distribution in the
boundary layer which leads to better accuracy in defining the velocity profile

and more efficient use of computation time,



SECTION 3

RESULTS OF VERIFICATION ANALYSIS

In a previous study (Reference 6) extensive comparisons of BLIMP predic-
tions were made to experimental data. The cases considered included supersonic
flow with zero pressure gradient, hypersonic flow with zero pressure gradient
and with a favorable pressure gradient, hypersonic flow with nonreactive blow-
ing, and supersonic flow with nonreactive blowing. Rather than repeat the broad
range of cases considered in Reference 6, the present study focused only on
rocket nozzle type flows, i.e., those flows with very large favorable pressure
gradients. One case considered in Reference 6 (Brott et al,, Reference 7) is

of interest here and is discussed in Section 3.1.

New data sources were sought which would provide detalled and accurate
velocity and temperature measurements in the boundarxy layer, skin friction mea-
surements, or heat flux measurements in f£lows with pressure gradients of the
same magnitude as those in rocket nozzles. The pressure gradient similarity
ig desired becavse it is expected to be the dominant term in the boundary layex
eguations. In addition, the data should contain stagnation and free stream
pressure measurements, and stagnation and wall temperature measurements. The
recent open literature was examined and meabers of the JANNAT Boundary Layer
Suhcommittes were'reauested Lo provide any dabz seis of which ithey had knowledgo.
Personal conlacts at Rocketdyne and Aerojet were also regus stcd to supnly use-

ful data on actual rocket firings.

The Rocketdyne data discussed in Section 3.2 is the only useful data

which was found for actual liquid rocket engine tests. The input and some of

the output for the predictions of this case are included in Reference 3 (the

interim user's manual for this version of BLIMP) as a sample problem. The hot

air sﬁacc shuttle main engineg (SSME) model test data were also sapplied by Rockebt-
"dyne. These data consisted only of pltot tube measurements in the boundary lmyrr

at the exit of the nozzle; however, it was selectcd by NASA as a test case for
TBLIMP prediction. The nost detailed, complete, and relevant data considered

for verification was that of Back and Cuffel (Reference 8) and is discussed in

Section 3.4. The input data and nozzle contours for the cases presented in

Sections 3.2, 3.3, and 3.4 are contained in Appendix A.



No adjustments to the BLIMP cdde were attempted to obtain agréement be~
tween predictions and déta. Modifications to the turbulent model and comparison
with other models, e.q.. Pughnell=-Beckwith and Cebeci~Smith, should be investi-
‘gated in future studies. Frequent reference is made to “the wall region" and
“"the wake regicn" of the boundary layer. 1In general these are rather loosely
defined terms applied to turbulent boundary layers. The wall region refers ap~
proximately to the 10-20 percent of. the boundary layer near the wall. This is
the region in which the "law of the wall" part of the turbulent model in BLIMPJ
is valid ({see Reference 6 for a discussion of the turbulent model). The wake
regicn is the remainder of the boundary layer.

3.1 DATA OF BROTY, YANTA, VOISIWET, ZND LIE

The hypersonic flow over a Flat plate with favorsble pressuvse gradient
data of Brott, et al. (Reference 7) is most nearly representative of nozzle
flows of the data considered in Reference 6; although, the pressure gradient
is not nearly as severe {more Lhan an order of magnitude difference). Repre-
sentative comparisons from Reference 6 are shown in Figures 3-1 to 3-3 fer stag-

“‘nation conditions in air of

P

o 1.013 x 10% N/m? (10 atm)

=3
I

634.5°K (610°R)

H

1y

The momentum thickness Reynolds numben {Rea peueBKue) comparison in Figore 3-2
provides information on the prediction of the overall bowndory layer profile,
since it im essentially an integral property. The skin friction coafficiant
(Cf/2 = Tw/peu;) compariseon shown in Figure 3-3 15 a measure of how well the

velocity profile is predicted near the wall,

The conclusions from these three figures are that the predictions are
very good at the wall (Figures 3-1 and 3-3) and that they are only slightly in

error in the outer law of the wall region (Figures 3-1 and 3~2).

3.2 ROCRETDYNE: - 02/1-12 THO-DIMENSTOKAL NOZZLD

This case* is representative of the type of data that can be expected
“from hot fired nozzles using 02/H2 fuel systems, The gas side wall temperature

and the wall heat flux distributions were measured; however, no boundaxy layer

* _ . . ’ . -
The data for this case were supplied by Mr. George Osugi of Rocheidyne,



uiu

1.2 T I T T M R R T T TTT T T T
1.0§™ 51;§L§) ] -
i /@E}/O “
©
0.6 -
0.4 i~ —
0.2 g -
9 (NN R S N TN N RN 1L N N N R
10-° 1074 107! 109 10
> yiR o

Figure 3-1. Linear-Log Velocity Profiles. Brott, et al.
/L = 5.583 (L = 0.3048m) [ = .0254m (1 in)]
() Brott's Data (u, = 825 m/sec) :
BLIMP Predictions (u, = 823 m/sec)

A-1150



jtior s A osan oy

& 7

AL

Figure 3-2. Momentum Thickness Reynolds'Number. Brott, et al.

L= 0.3048x0{7 ft)
0] Brott's Data
——  BLIMP Prediction

A5



iy
CfIE x 10

10

A-TIST

b
[ .
%

&

Skin Friction Coefficient. Brott, et al.

L= 0.3048m (1 ft)
Brott's Data
BLIMP Seluticn

T Figurs 3-3.



measurements were made. Since heat flux is an important quantity and this case
was for a representative liquid rocket fuel it was felt that predictions would

be of interest.

The nozzle geometry, fuel mixture ratio, stagnation conditions, calcu-
lated axial pressure variation, and wall temperature variation were provided.

{(The nozzle is 0762 m (3 in) wide.) The stagnation conditions were given as:

4,6182 x%-10° N/m* (45.57 atm)

o
It

| T_ = 3570°K (6430°R)

M.R. = 6,15

The injector plane was at the entrance to the nozzle and the initially low heat
transfer shown by the data (Figure 3--4) was assumed to result from the presence
of a liguid layer near the injector. Accordingly, the prediction was started
downstream of the injector and assumed to have an established boundary layer at
the starting position. The mixture ratio in the boundaxy layer was assumed to
be 6.15. The heat flux data and the results of the BLIMP predictions are shown
in Figure 3-4. The three cases shoﬁn in Figure 3-4 are for a fully turbulent
boundary with a starting length of 0.0561 m, an initially laminar boundary laver
with a starting length cof 0.0561 m, and an initially laminar boundary laver with
a starting length of 0.0286 m., (The starting length is the wall length from

the start of the boundary layer growth to the first zolution station. Adjust-
‘ment of this length has the effect of changing the boundary layer thicknessg at

.the first solution station.) Transition for the lominar cases was at Re, =

K]
400 and is shown on the figures. It is clear that the laminary boundary lavers
do not adeguately predict the heat transfer. The turbulent predictions are ap-

proximately 60 percent too large near the throat., Thus it seems that the bound-
ary layer should not be either laminar or turbulent, and the possibility of a

~laminarizing houndary layer should be investigated.

Schraub and Kline {Reference 92) have postulated that laminarization occurs
in turbulent flows for waluves of the parameter X = (ve/ué}(due/ds) exceeding
about 3 x 107° {see also Reference 10)}. The value of K at the first sclution sta-
tion is 1.33 x 107%. This strongly suggests that the turbulent boundary layer
' ig laminarizing, which would result in a reduction in heat flﬁk. The value
of K ingreases thfough the throat-(KT = 2,81 2 107%) indicating that the flow
_ would become even more "laminar like" in the threoat reglon of the nozzle, thus

reducing ithe heat flux from its turbulent value.

This test case leads to two very important conclusions. PFiret, it is

necessary to have reasonable knowledge of the nature off the history of the houndary

3-6



0/0;

| ] 1 [ i i 1
i
i}
\
n AN
- |
. —di
i i
40|
Transition
! i ] I | ! ]

-25 -200 15 -0 -5 0 5 10 15
‘ R/Ry

Figure 3-4. Comparison of Measured and Predicted Heat Flux for
Rocketdyne D?_/H2 Nozzle Flow
Throat radius: Ry = 3.93 x 107% m (0.155 in}
Q {the test value of heat flux at the throat)
4,053 x 107 watts/m? (24.8 Btu/m*-sec)
[ JData ‘
__ BLIMP Predictions {$ 0.056Tm, Transition Re, = 400)
__ BLIMP Predictions {SO 0.028pm, Transition Reé = 400)
BLIMP Predictions {S0 G.0561m, Fully Turbuleiit)

n



‘1ayer at the first solution station (e.g., &id the boundary layer develop over a
‘combusting liquid layer?). Secondly, laminarization of the rocket nozzle bound-
‘éry layer may be a very significant effect and should be adequately modeled in
the prediction tool. .

3.3 S&ME MODEL TEST - HOT AIR

These data from a heated air flow test in a 1:9,118 scale model of the
space shuttle main engine were provided by Rocketdyne. ‘pPitot tube measurements
of the boundary layer were made in the exit plane of the nozzle (area ratioc =
77.5). The pitot tube used in the wake region had dimensions 1.65 x 107 m
0.b. (0,065 in) and 1.02 x 10”% m I.D. {(0.040 in). Near the wall the prche was
flattened with 0.D. of 3.04 x 107% m (0.612 in). The relationships of these
probe zizesg to the boundary layer dimensions ave shown in Figure 3-53.  Stagna-

tion conditions were given as:

b+
I

1.027 x 107 n/n® {149 psia)

o
[

634.5°K (610°R)

The wall contour was provided and, for the short duration of the test, the wall
temperature was assumed constant at 204.4°K (530°R). The axial pressure distri-
bution was provided from the output of the TDPK program for the same conditions
and geometry using the perfect gas option with ratio of specific heats = 1.4

and molecular welght = 28.58.

The resulis of the BLIMP predictions for boundary laver lMach nusber dis-
tribution at the ewit plane are presented with the data in Figure 3~5. The
Mach numbers were calculated from the measured pressures using normal shock re-
lations. The major differences between the predictions and the data arve in the
region 0.05 < y/&6 < 0.37. Two BLIMP predictions were made, one for transition
at Re, = 600 and the other for fully turbulent flow. There was no sigﬁificant
difference in the results at the exit plane for the two cases. The predictions
for the trensition at Re, = 600 case are shown din all the figures. No laminar-

jization effects are expected since the value of K at the throat is 4.83 x 1077,

The predicted momentum thickness and displacement thickness are shown
“in Pigure 3~6. ‘The agreament with the values calculated from the dats is good;
although, perhaps fortuitous., The predicted ﬁelocity profile and velocity pro-
file calculated from the data are given in Figure 3-~7. No temperature measure-

ments were made in the boundary layer and all caleuslations from the data were

L
l
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made by Rocket&yne assuning an adiabatic boundary layer.* Thus, calculated
velocities would tend to be too large and this effect would increase as the
wall is approached. This is reflected in Figure 3-7. The Mach number results

are thus considered to be a more valid comparison.

Based on the fact that these predictions were made from completely ana-
lytical input, i.e., stagnation conditions and wall temperature, and pressure
distribution calculated by the TDK program, the results are reasonably good.
1t should be pointed ocut that the BLIMP model for calculation of transport prop-
erties (p and k) does not, in general, work well at very low temperatures such
as those in the divergent region of this test case. In the present case, for
example, the Prandtl number was calculated by the code to be 0.6884 {(one atmo-
sphere, 273°K) as compared to a more reasonable value of ¢.73. ‘The overall el-

" fect of these discropancies sppears to ke slight, particularly since much of
, the boundary layer is turbulent. It is recommended, however, that a homogenecus
%gas option with special low temperature properties for air be added to the code

to predict room temperature air flows.

3.4 BACK AND CUFFEL - SUPERSONIC MOZZLE WITH HEAT TRANSFER

These experiments were carried out in a cooled, conical nozzle with a
cbnvergent and a divergent half angle of 10° at the Jet Propulsion Laboratory,
California Institute of Technoloyy (Reference Sjl The air flow was tripped '
well upstream of the converging seciion so that the flow was fully turbulent
throughout the nozzie. These flow conditions are relevant to conditions in
rocket engines operating at thrust levels for which laminavization does not
occur and provide 2 good test for the basic BLIMP cepabdlities for rocket nozzie

conditions. {(The throat value Tor K, definsed in Section 3.2, is 1.0 = 10™%.)

Static pressures, wall heat fluxes, and coolant—side wall temperatures
were measured along the nozzle wall. Heat flux was determined by calorimetric
measurements in circumferential coolant passages. Boundary layer surveys were
made with a flattencd pitot probe 0.000127 m (0.005 in} in heighth and with

thermocouple probes.

velocity boundary layer profiles were measured at five stations; the
locations of three of these are shown in Figure 3-8. The edge values of u, for
_the predictions and the data are given in Table 3-1. In all the figures the
test values of the various parameters are used as normalizing factors. The
measured and predicted velocity profiles are shown in Figure 3-9 and the dis-
placement thickness (8%) and momentum thickness 0, in Figure 3-10. The velocity

profiles are in good agreement gxcept for the position X/RT = ~5,414 where there

£
Personal communications with Mr. Bill Wagner of Rocketdyne.
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Figure 3-8 - Schematic of Back and Cuffel Nozzle Showing Boundary Layer Probe Stations
' RT = 0.0202 m {0.795 in)
£ = 9.89
Nozzle tength  (Converging-Diverging Sections) = 0.51 m {20.07 in)
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are differences (less than 10 percent, however) in the wake region. The inte-

gral‘properties 8 and §* which reflect profile‘shape are in good agreement ex-

cept at the position X/RT = 10.797. 'The difference in &* is a conseguence of

a difference in the predicted and measured temperature profiles. The total

temperature?® profile is shown in Figure 3-11. (The normalizing factor is the

valuz of Té - TS from the data.)

Since the velccity profiles at XKRT = 10.787

are in very good agreement, the differences in total temperature can be attrib-

uted to differences in static temperature. These slight differences may result

from the use of a constant value of 0.9 for the turbulent Prandtl number. The

different shape 'of the static temperature profiles will cause different density

profiles. The density-velocity product, mass flux, shown in Figure 3-12, is

used for the calculation of &%,

from the region above pu/peue =

It is the large negative contribution to &%

1 in the data that causes the difference in

=

the measured and predicted values of &%,

The near wail behavior can be evaluated by examining tlie heat flux data

shown in Pigure 3-13., The excellent agresment supporis the conclusien that the

near wall region is properly accounted for in BLIMP. The more detailed prese-~

tation of the wvelocity profile at X/RT = 10,797 shown in Figure 3-14 shows that

the data does not extend into the viscous sublayer region; therefore, one must

rely on the heat transfer measurements for comparing wall behavior, The exceli-

lent overall agreement in velocity profiles is apparent

TABLE 3-1

EDGE VALUES OF VELQCITY FOR BACK AND CUFFEL DATA

X/RT
ue{m/s), Data

ue(m/s), BLIMP

C=11.21 -6, 414 10.797
42.0 79.4 1i00.2
2.4 80.0 i111.6

3.5 SUMMARY

The two cases of Rocketdyne data represent almost completely'analytical

predictions, i.e., from given stagnation conditions and wall geometry en axial

|pressure varition was predicted and used in the boundary layer predictions.

,The two-dimensional nozzle predictions do not fit the data at all; however,

i
Ahe flow could well be of the laminarizing turbulent type for which the turbu-

Jent model in BLIMPJ has not been verified. Thus there is a need to investigate

Total temperature, 7%, is the mw

boundary laver.

cagured stagnation temperature profile in the
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~— BLINP Predictions (normalized by 476°K, T§ - T* = 492°K, T = 356°K)
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the modeling of laminarization in the code. The SSME air flow data are reason-
ably well predicted. More detailed data of this type would be useful for code
verification. In contrast, the data of Back (and of Brott) contained measured
pressure distributions which were used as input to BLIMP. The resulting predic-

tions show much better agreement with the data.



SECTION 4

RECOMMENDATIONS

Ls a result of working with BLIMP and rocket nozzle problems the follow-

ing additions and modifications to the present version are suggested.

1. 1In order to provide the capability of comparison of results and
" potentially for the selection of the "better” model, the eddy
viscosity models of Cebeci~Smith and Bushnell=Beckwith chould be
added to the code. TFurther verification of the present model (of
Kendall} and compariscon of the new models using experimental flows
providing tests of various features of the models which are important

{to nozzle conditions should be made. Of particular interest is the

“prediction of laminarization.

2, Cold flow model tests using air., or other homogencus gases, could be
treated by the BLIMP code without the use of the complete chemistry
solution. Simplified procedures and improved computation economy
could be achieved through the addition of a homocgencous gas option.
This option could alsc offer the advantage of improved low tLemperature

thermodynamic properties and transport properties.

. 3., Tor greater compatibility with the Two-Dimensicnzal Kinetic programn

the following reccomnendations are mace:
¢, Addition of Kinetics

@ Improved matching of edge conditions on velocity, pressure,
and their first derivatives, and improved curve fits of
pressure gradient. The present method was not designed for
the type of pressure distributiocn encountered in nozzle flow
problems. For rocket nozzle flows the largest terms of the
boundary layer momentum eguation contain the gradient of
pressure and the gradient of edge veiocity;;thus accuracy in

these terms is most important.

4. The complexity of the input can be decreased by an expanded use of
~namelist input and built-in default values. This would greatly aid the

‘inexperienced vser and pose no limitations to the generality of the code,



5. Overall accuracy and computer usage could be‘improvedrby the follow-

ing:

@

. Expanded three temperature range to provide for better low

temperature curve fits of thermodynamic properties.

Binary diffusion option for econcmy for problems with complex'

chemisztry.

Improved fransport property calculaticons, especially fox

light elements and air.

Improved built-in first guess of fully turbulent flows. The
built-in first guess is for a laminar prefile. For those
problems with well-established turbvlent profiles at the first
solution station; a turbulent first guess would jmprove couputer

economy .

Improved converdgence criteiia tailored to nozzle flows.
The present convergence criteria have been developed and tested
for reentry conditions where pressure gradients are not nearly

50 severe as in rocket nozzles.
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APPENDIX A

INPUT DATA AND NOZZLE CONTOURS



Al ROCKETDYNE 02/H2 TWO—DIMENSIOﬁﬁL NOZZLE INPUT DATA

031100

0o 362 y95%5E401
w0, fX010BREESON
w0, bTE35137Ex00
KR

0.736132BQE"03”Dq196522285”Q6 0eR6201(55BE=10e0,26545063TE~14
6.361509600¢01 036255900 E+0] =0, 187821846702 0,705505/0Em05

0,21555?93[“31"0glOQTBE?bE?OH 0,13052778E+01

2. L J 3s0in 2, G 300, 5000,

Qg Bi00LCOLE+DT 0,51119064E=03 0, 526A0ZI0E=07x0,34009773Em10 0 36FH3ZABE=14
ectﬁ?733oﬂaﬁ+03p0!1@629&21E+01 0, 305T70051C«0} 0,26765200Ee02m0 50091 h2E=00
og6521a391Eu03w0gé812273?Em11wo.13890m?ﬂﬁ+03m&,2299?n56E+01
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Uaéf106027E40 0,95951650Em0Ta0, 1900ET02E06 0, 137506RAEESTC 0.18220542E015
0393538160400 0, SHO2IUNGE+0] 0 36XTSSA3E40 "0 10TTHCERE=IR 0, R6U303TIESDE
Qnﬂ&?13972E°OQ¢G,22571095EFl2 De36U 20235404 0, UF370009E+00

1040032(210202000000 TEST CASE RDCKETDYNE = PUNTA » RaDELTAXCLODS A
2. ‘ , p2loo A
19 03100 &
14,25 04201 A
49 30 . . 03300 A
@ 12 46 49 2y 2% @5, ar 29 3t 32 33 35 33 03404 A
4§ 44 te 47 A9 - p3u02 A
FTYPUT '
X{Thls 0,0 y 0.0 ' 00 ¢ r35,006 4, w24,5106 , =235,226 4 =21,955
p20L605 , 19,355 , mIR 064 , w16,774 4 =45,480 , =14,193 12,903
ef 1, 600 ¢ =10,322 , ~B.545 4 =T,T42 b ARy w5 061, #3871 o F2.181
9fq¥35 §  =1,613 4 91,290 , 0,968 4 “0,54% ;+ =0,32% ¢ =0,194 4 0,0 '
be018L;. 0,8303, 0,203%, D, U271, 0,5639, ta7220, 0,880 . 1,052 4
1232, 1,390 1,353 4 D015 3,007 o 4,024 4 5,007 b,720
8,902 p 10,720 , 13,375 , YITABS 0490 ' 0,90 ' 0.0 ' 6,548
6387 6,219 6,345 5,864 ¢y 5,671 & Sed71 5,264 5. 039
ﬂ'\"BUT‘, “'561 ¥ 4,297 H,0t9 I.,716 3.387 , 3'032 . Eeb 32 ¢
2UUBT . 1,484, 10378 4 1,258 0§61, 1,090 , 0 1,062 . 12083
£,006 4 1,000 ¢ 1,0001, 1.0019, 1,007, 1 0174, 1,0310, 1,010,
10761, 141039, 1,1239, 118034, 12302, 1.385%8, $,62%7, 1,8%1,
2,160 5 Pe93B 3,217 2,690 4,000 , PITARE 00 . I
b0 ¢ 0,995%; 0,795L¢ D.0 ¢ 0.994%, B, 0 ' 0.99%4, 0.0 ‘
Gple [ 099910, OeD i ocp ? beD F 05-967'56 0.0 ’ OHD ¢
GI},OFIT‘F’ UEG F 01:?5[35;! QQD r 0@373111 0;0 i D 700G, 0;0 ’
Dy 0053, D0 0,577 ¢ 50 ' 0,531 ¢ 0:507 1, D AT, 0,0 ¢
0;;"!155..! Dg ¢ 0!,0 t ‘?QSEﬂQr OEO r 090 [ 0.32!.")5741 Ij.n §
.0 4 0,14406, 0,0 ' 0,0750, 00609, 0,0 ' 0,0474
BEND
12 04ind &
t,0 L0082 L 006 e 0l © 025 06 oi5 0426y &
g o7 1.0 ie3 2¢5 fucoe &
£0 0,95 13.0,5 pu3o0 A
G G.05 Geid 0.5 D35 6,05 0.6 UUDL A
N 0,85 He?5 0,98 140 ' o4aune A
2003037 05100 A
U,6iRaEe06 ¢rLO0 A
9, OVHBELCH aT200 A
' 07300 A
gl 11,823 ,018 e 9 - T QRI00 A
“12,18E¢006 go600 A
2. : J 111060 A
W OH{YDROGEH 1008 w10 11204 A
¥ OXYGEN fhe0 ob L5 11202 A
300, 1000, 5000, $3100 A
B, J B/6ER iy & 300, 5000, !
88 re0l €, . . O e
0 dhATI62QE4 650, 66011763E200 0,25 Es01 0, 0% 3
s [ 0,254716R2TE+0570, 45601 (V6RELL0 4
o _ J G/0B0 1, & ino, 5000, |
0q25ﬂ205965+01mOFETSSGbi?EwOQwG9310250335m08 0el35L06TLER oD, A36805{5L=15 2
07 29230803E405 0,49205080E% 01 6,20UENRRTEF0 Lm0, 153B1665Em0240,20210316E05 I
e, L602BA32ER08 0,3BY06064Ew2 0., 2910T64UEHD5 0,2363904%E+01 n
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4
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Figure K-1. Rocketdyne 2-D Hezzle Contour

Areg Ratio = 4.0

Aspect Ratio (Width/R,) = 22.8
Length = 0.1484 m (5.846 in}
RT = 0,003937 m (0.155 in)
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56«
.57
58,
59,
60,
61,
Loee

SSME MODEL TEST

1,233085=01,
1,7708116+~01,
2,406556=01,
3,081009=01
1,75913001,
4, 00585701
5. 143794=01,
5,83473U0]
6458136901,
7,32’306]“01r
By UB02E0L,
F,025464=01,

10874734100,
1,185252+00,
1,297000%00,
14373036400,
14698510100,
1,592015*007
1. GB80ETHQ0,
1786990100,
1BBBTHLIGO,
1. 9236673400,
PLl019403G0y
2.2138524006,
232926800,
2 4UU6IET00,
2,571960400
2{@9‘)5"4"4"’00(
2831237300,
2.7673525400,
3.10780603+00,
3,252940%00,
302627100,
Z.507065+00,
3, 716HBRT00,
agﬁb1393+00r
4,080709%00,
4,682200+00,
305444+ 00,
G.F00680T7400,
6,52508735+00,
T,234008400,
B 019027400,
§,001336400,
§,8a5%016+400,
1,101895+08,
1:2309537401L,
14377120404,

9,933420~01,

1,015600~01,
1,876066=01,
2.520149=01,
3.193750~01,
3,R72946-01,
4, 561564-01,
5, 260996701,
5,07446301,
6,707973=01,
7.451761=01,
5,292338-01
D, 174677 01r
1,008842400,
1,103548%¢00,
1,201958+00,
12304385400,
1,411149+00,
1,583937¢00,
1.607663400,
1.70035694¢00,
1,8903676B+00,
19060568400,
EfUJIM?D+OOr
PelBnlzlrot,
2232735500,
2,T4B9E5400,
2?”58912+00p
?,592920+00,
2,721115%00,
2,853629+00,
2.9905%1+G0,
3.131760%00,
3,277587+00,
3,4260308400,
3,583232+00,
3,771157400,
5,122955¢00,
0.517652400,
4,959178+00,
5.451202400,
b, 0DAF2THO0,
5,635005+00,
T.26010950G,
B, 157287400,
9,0“7753*00;
1,006370+01,
£,122277+401,
iq25”03“+01r
1,803298401,

1@“0?"‘171"01(
1,97040201,
2,632081-01,
3.3062%90~01,
3. 28710101,
Heb7705501,
5.378936~0Lr
6,090928-01
6,B2735L-01,
T,578391-0L,
Bq“}?b&’m“'olr
?,3208449-01,
1,020326500,
11196358400,
1,218703+00,
1325839400,
1.,429378+00,
15293944100,
Let23771¢00,
1. 7207482%00
1.820526300,
1,923244400,
2,029443+00,
2.138852400,
2,255 0324900,
2o30ES95400;
2.889557+00,
2.614028+00,
2.7U8907+00,
2.B760BIGH,
3,013656400,
3.18%762+00,
B.3024204+00,
3.4853714+00,
2, 609605400,
3.826843+400,
4.180528400,
4, HBBGTT+00,
5037312400,
5,5386354+00,
b.1030864+00,
6,752693400,
TedBT7697400,
B,228187+00,
9,207730+0¢,
1,0260B6+01,
F103018%00
F277T02%0 Ly
1429982401,

{0GT183-01,
2,073237=01¢
2.THU028~01,
3,413410-01,
4,1012%6=01;
4,79%492~01e
5.497450701 ¢
6.2159ub~01,
6,991290=01r
7.713390=01,
8.5851.1(3"01?
G, u75442~014
1,037969400¢
1,133308%00,
1.2725u41%00,
1.339us1+00,
1,6467812400,
1,.564937+00,
1,6053720400,
1, 727004400,
1,627467100,
1.9640728400,
2, 0u7a74400y
2 lBTHA0E00,
2.ETINZ2+00,
2.365%443+00,
2,509779300,
2ab35239400
EQThQ':\"}X'{'OOr
2. BUB732000,
3, 037030400,
3.1??%30+00:
3.5327201400,
3.,473259+00,
B 6%61D0+00,
3. BD3B27400,
4,203462400,
4, 65736700,
S.1156379+00
5,62 TBU2400,
6, 2U30TYHE00,
L B803301+00,
T.b17Us200,
B, AU1TR5400,
9,371195+400,
1. 0053506401,
1.16455§+017
1,301752:01,
1.437224+01%

$SME =HOT AIR TEST SCALE=9,118 LAM/TURB TRANS

1.588706=01,
2,184800-01,
2.856230-01,
3.532205-01¢
4, 21600201,
8,909567-01,
S,615861~01,
6,33707101,
7.07508%5=01,
7,861871=01%,
B,7298L3~01,
D, 62T7290~01,
1.0655702¢00,
1152272400,
1.252609400,
1.357202400,
1.0662450+00G,
1560619460,
1L 6S5THL+00,
1.7936648500,
1.B504804100,
1.,958026400,
2. 065478400,
2, 07060F7T¥040,
2. 200387400,
2.U08818400,
2.530409400,
2y bH0UT4+00,
2.766602400,
2.921528+0¢C,
3.060650%00,
3,204101+00|
3.352227+00,
3,505038+%00,
3.66R603400,
3.901865+400,
U B AT61E00,
0, TLRAET+00,

S, 198201+00,-

BLT718F10400,
6,309415400,
6.989183400,
TaTU2263400,
8.5682804GG,
9.57862B+00,
1.062856401,
1.166112401,
1.326369+04,
1@"1'{‘!5039‘?(}1:

105D0620210202006000 01100
2 - 02100
27 03100
0,24 03201 -
348 14 . : 03390
P2 3 6 8 10 11 t2 13 14 20 39 42 ~43 44 03402
‘76 48 S7 66 BT 1p2 181 264 299 320 334 34% 348 03402
SINPUT " :
XITAB(1)= =2.717022, «2,47786, ~2.13626, -2,010015,71,565286,-1,190646,
-,9722?26,«,aau0237,-,527525,~.37937@5.v,231327a,-.11559032,*,9337&25:
0.000060 , 5,075117-03, 1,231079=02, 1,870280-02, 2.525359-02
3,194205-02, 3,877506~02, #,574314-02, 5,283351~02, 6,010457-02, 6.T49506~02,
7.502766=02, 5,270299-02, 9,032509-C2, 9.869772-02, 1.066222-01, 1,149025-C1,

1,682007-01,
2,920 =08,
2,95850 =01,
3, LASELE-01,
§,33G668=01,
§,026%77=01,
5,735622=01,
6, 05595001,
7,200808~01,
B, 000966-01,
B, BTTS0G=01,
G, 76005601,
1.071532+00,
1.1680681400,
§.269742400,
1,375037+0C,
1L, 483150400,

- e 5.

{.576256+00,

1,67195040C
1.,77026540C,
1. 871546+00C,
1975943400,
2,08%T02400,
216875400,
Fe309T3B0C,
D N2BUE6I00;
2.551237T106,
P HTIOU0+0U,
2 BOBGUEH00
2LOUAB16+G0y
3,084117+¢00,
3.22851T7+00,
3.377uBO+Qn,
3.531009+¢00,
3,.0689191+4G0,
G 000961 40G,
4,581105+00,
N B0LS2T+00
5,e810121048,
5,511968400,
G ULE32LE0U,

T.1107R0+00,
7883043400,
B.735131+00,
@, 7{C073400,
1.081977+01 4
1.208201+01,
L BBLAERY0,
1913370403,



112,
113,
114,
15,
116,
117,
118,
119,
120,
121,
122
123,
124,
125,
126,
127,
128,
Az29,.

1.542333+01,
1,72B794+01,
1,93R760401,
24175140461,

YITA3(1)=1,7352051,1,.732051,
la1d35]4,

1.2841008,

1001304400,
1.007247400,
1.0199] 2400,
1,042645400,
1,05250140¢,

1. 133157+00,

1,183745400,
1,234677+090,
1.256120400,
1,5336174400,
1:391032400,
1,094040100,
1,503831400,
1.566319400,
1,630067+00,
1.,696427400,
1768364400,
1,654435400,
1,906799+00,
14978109400,
2.000762400,
2.104017400,
2169914400,
2.236297400,
2300232400,
223737004900,
2, 004873400,
2eHITO20400,
25Tt 06400,
20568009400,
27459456400,
2.825439400,
2.906672+00,
2,989599400,
3 074196400,
3,i6015145+00,
3,2182624060,
31537“"(’9"00;
3.5274537400,
3.730159+40G,
3,958049400,
4,198639400,
4457331400,
4,735769400,
5, 06420400,
5.356031400,
S5c700366+400,
6,053776400,
b 420313400,
6,007319100,
T.i306127400,
7,5815958+00,
7,95%182+00,
B,305030400,
6,618737400,

PITABC(1)=1,0,

#23600304+00,
«TE999U4400,
3529402400,

1.571868+01,
L, 762048+01,
E. 976280401,
2,2172B0401,

1.000000+00,
1.021922¢%00,
{,008E24+00,
L,022879+00,;
[, 047310100,
391040400,
1141589400,
1,192209+00,
te?d3220400,
1.,294720¢00,
1.346905100,
1,5999106+00,
1,453835+00,
b 5E4106405,
1,576906+03,
FoGUIIT9100,
. 707643+00,
1,773%916%00
1,.8U06335+¢00,
19190743400,
1,988457+¢00,
2L051A50400,
2. b1559100,
21830706+ 00,
2,207555400,
2315725400,
2 3BSH46+0D,
2, 056735%+00,
2,.529343%3400,
2.00d501+400,
2,6B0B506400,
2.758976+00,
2L,B8308847400,
2,92044)1400,
3,0030354+00,
3.08B08U0400,
Z.174955400,
3,.2030%1700,
3.5608207+00,
3,560757+00,
3770306400,
5.,997024+00,
U 2UQIEQE00,
4,502545+00,
4,789453+00,
5,0996019400,
G,421082+00,
S5.75T903+00,
6.,114419%00,
5, 4B8T705+00,
LL,AT2217400,
T.260697+00,
7,540993400,
B.015377+00,
B,300216400,
8,66063%5+00,

L 9093289+00,
L3290963+00,
COTIOTT9400;
LIUT8BBE00,

1.074717,

1.601991+04,
1,796002401%,
2,014u479¢01,
2.260293+01,
L.73205%, 1
1,000047100,
1.002675+00,
1,010596+00,
1026139400,
1+0534790+00,
14099451+ 00G,
1,150605400,
1,200684+00,
}.2217504+00,
1.303374400,
1.355690+4+00,
1,008856+00,
1.,083010400,
1.5920521+080,
1,587531+00,
1,452239+00,
1718835400,
1, 737460400,
1,658272400,
1.931427+00,
1,990B45¢00,
Cal6193L+00,
2.126224+00,
B 191781500,
2e25BTE2TD0,
2.5327276400,
2,397253+00;
2eHGBBL424+00,
2.,502113+4+00,
2,617145%+00,
2. 092807400,
2,772180+00,
2+ B52287100,
L9345 i04G0,
He 017649400,
3,1028304+00,
I 15"?(}3(]4'00;
Z.277916100,
3.39%036LF00,
3594396400,
H.007053+400,
4.03%36200+00,
U, 2826310100,
,54B471+00,
4,839B813+00,
S.151910%040,
S.H75932+00,
5.B815%29+¢0,
G, T7TOTU8+00,
6,551760+00,
Ge23TI0H+00,
Te325375¢00,
7707851400,
B, 070%24¢00,
B,414355400,
8,712597+00,

29968773100,
48915000400,
LU690063400,
J33209063+00,

1632716104,
1.852634+0),
2.053077+01
2.3049154+¢01
s IR5721,
1.612336,
1.000135+00,

1.003579¢+00,
1,012576400,
1.,027718400,
1. 057649+00,
1 4C7339400,
1, 1589456300,
1.203154+00,
1,2060305400,
1.312056+00,
1.364G423400,
Y 178239+00,
1.473070+00,
1958378+ 00,
1,395175+Q0¢
1.863209+00,
L 730139400,
1.799123+00,
F87C321+400,
1.243311+400,
RL003293¢00,
2.,072534851400,
2 137050+00,
2:202879+00¢
292700781'001*
2.3383777+00,
2,40309%5+00,
CLUAGGIT2400,
2230097+ 00,
2.0 ITH2+00,
2L T0hTHBE00,
2.783425+00,
2.8033483+00,
2,9U07925400,
T.0316233x00
SLEITLI2E+00,
2.2091354+00,
2L,2027RU+00,
3.,0530856400,
3,628521+00;
B 885055400,
N.075077+G0,
§,323002+00¢
4,5954102+00,
G,B907539400,
5.,2031568+00,
5.531205400,
5,874483+00,
5, 2373%2+00,
B.610856400,
70018699400,
T.353772+00,
T,.,7704%9+00,
B.133731400,
3,067353¢006,
5,7597247+00,

, 9383395400,
N ITETLEYS I
C3ITIABIH00,
L3IB55U3400,

{40278 506,
1.00U57,

1.660108+01
1.,866032401,
2.093249+014
2.3UBg20401,

1,P0GHU6+00,

1.004635+00,
1.014779¢0¢,
L. 023641400,
L 066530+00,
1.116286+00,
L, 166660100,
1.217668400,
{.26888B+00,
1,%20719+00,
£.3732968+00,
1.426776+00,
1_EB3ELTL00,
1.505325400,
1,6085094G0,
1.674271400,
1,741516+00,
1.810B43400,
1,8824064G0,
1.956345+00,
2.019783400,
2.0B3214400,
2.1497900400,
2,213971400,
2,201507400,
2.350390400,
2,020913400.
2.693124400,
2.566963400,
2.6%2068400,
2.719704400,
2,7985794G0,
2.879432+00,
2.961873460,
3. 045855+00,
3, 181518400,
3,21879640C,
3. 307685400,
3.U52228400,
3.063U221G0C,
1.081509400,
Gol16600400,
4,368780400,
4,642591400,
8,942211400,
S.258755400,
5,506584400,
5.933782+00,
6.299329400,
6.679095+00,
7.066552+00,
T ASH005+00,
7832558400,
B, LS1B28400,
6.5(9138+00,
8.890224400,

,9813572400,
(BO29322¢00,
L3TB2794400,
W3002776400,

1,460524,

1.69609640),
1.9020244+01,
P 1357994013,
2.302260G+01,
1,35685%¢4,

L. 000BI4+0G0,

1.00585%4400,
1,017218+00,
10379359804,
1.078078100,
1.,1247T12+0C,
1.175316+00,
1.,226151+00,
1.27748%+00,
1.323%436400,
1.382158+00,
1, 435801400,
1493607401,
1.555821400,
1.619669+00,
L hB5295400,
17528840400,
1828585400,
1.89454T+00,
1.9677056+00,
2030827+ 00,
2.093939+00,
2.1388353+00,
2.2250%1+00C,
2292604400,
2.362116+00¢
2 528082400,
2.50%2684 010,
Se57RUL 00,
2,655301+90,
o f32TT7T0+00,
2812014400,
2aB92BLE00
2.975655+00,
A, 0060030+ 00,
5146031400,
L5 233553400,
3,322713+00,
1,094552400,
3.0F8h80+00,
3.919508+¢Q0,
d.157254+00,
4, 412786+00,
N.690727+00C,
4,994121+00,
5.312512400,
5,00338464+00
5. FF3580+4010,
361835400,
0. 743151400,
Ti31360+00,
TeHi78B0+00,
T,B890500400,
B 2AR8T0400,
B,563623400;
B.,B0336T7400 -



130.
131,
132,
133,
i34,
135,
136,
1%%

138..

13‘_}5

140G,

141
142,

143,

1‘4“0
145,
146,

1474,

148,
145,

150, .

151,
152,
153,
154,
155.
156,
157,
158,
159,
160,

161,

162,
163,
164,
165,
166,
167,

168,

i6a,

170,

171,
172,
173,

i7d..

175,

176,

177,
178,

179,

1840,
181,
182,
183,
184,
185,
185,

187,

188,
189,
90,
191,
192,
193,
194,
195,
196,

2902278+ 00,
L 2250505800,
1526801400,
1087770400,
L6313556~01,
LUT6720~01,
LABUS6LO~01,
LAT22082-01,
A5BIZIV=01,
LAEOGPL36=01
CASZEDL0],
B209341=01,
LUDSH591-01,
« 3930432401,
e 37RRG26-01L,
,35U6531=01,
«347RB40T 01,
3339100~ 01.
FI202020-01
«3067260=01,
L2707004=0],
c2TTORTS~0 1,
f26526TU0],
f 25290230k,
20349950,
231742501,
223122001,
£CLl21362=-01,
L,2039652-01
13371201,
133893301,
1765257-01,
157363404,
s 1605959=01»
$1521266-01,
£1453472-01L,
L 130153501,
132502204,
P1250018-01
L12033%5=01,
L1138178-01,
=10'32617-’01;
LLOURRHTL01,
L3920930-02,
9933571U“ﬂ31
JHH3T205=-02,
L7910104=~02,
LTDEHB01-02,
«G435813-02,
£532590%-02,
LO35TE5-02,
LUBDIBRI~02,
WEELR L ELER
«399337G-072,
fSﬁG1789=02,
L 330933a-02,
L30330%52~02,
L2T00575=02,
L2515075-02,
L2ERUARG2-02,
$2207B00~02,
L2071597-02,
L1929904~02,
JTBIS68-02,
CI5B0LHI-02,

LASHTTI0~0Z, -

FEND

L27560125%400,
2107371400,
1513146700,
2987309401,
5516107 =01,
LUFUTIB] =01,
LUBA01I0~01
LAIDTN0T=01,
SOETEOL 01,
LBUB2357=01,
83039901,
SULT36T7U~GY,
LU046010=~01,
L3B94T769-01,
L3T750164=01,
L360TH2401,
f3U6GAS)-01,
«33275728=01.
316824001,
303081101,
W2ETESS =01,
L 2744120~01,
L2621306~01,
(252497 04=01,
L2H06686=01,
221897 =01,
L220048376i)
22025906 ~01,
201842601,
f1913081-01,
. 18368%6~01,
LLTHRAGES0,
L1672241-01,
1554707 =01,
L1520U82=01,
L FATRTLT=01,
138131304,
e 130722601,
L 1254319-01,
(1186587-03,
b LBBEGY2wD1,
107725001,
103408001,
LBTBARTOC0R,
4 F2LU2BS=02y
-8'517‘1’&5‘02.
166292402,
JHRTTE3E~02,
!633{1'3(73“02;
¢D731683~02,
L D262225-02,
LNT964853-02,
LUZTHE2E=02,
L3916u21-02,
L 3605872~02,
R 5A06T 0002,
LENE1100-02,
L2TB0ES6=02,
.2546920-02,
S C870067=02,
221107302,
200900022,
L EH59390~02,
LA761038=02,
JAOUGEEY=0Z,
15226002,

£ 202B2424¢00,
1983850400,
L1UQ2307400,
189‘“3256‘011
LO070982-01,
2913162~01,
CHUBOSEGT =01
LUBT2511u01,
LASL2807=-01,
;”Qi6952'~01 r
LA290G86-0,
LA4L37928~01,
L4011234=01,
3881508=01,
,3568336-01'
2 3N2TT86=01,
3289362401,
¢ 3153108~01,
L2223072-0%,
SEBOICAE~01,
R2T34L40-0,
W2591793-01;
LEH96DE5~01,
ZC3TRSET~01,
CERARGAT =01,
(217779301,
209334901,
L 1OB9334=31,
L1P1pT7oM-01,
LIBi341690]),
.1719763=01,
16503UG6~01,;
156363301,
e £500148~01,
JLU2024T w01,
SL36R502w01,
L 1289213~01,
L 12369B0=01¢
LJ1T002%=01,
J1123012-01,
LA0TBR2HT 0L,
L1019865-01,
S PTITOTS~02,
¢FLUBLET 00,
B260701 08,
LTBUBYHTI=02,
LBBEIG0L=02,
<B233711-02,
5630894 =07,
L5169365-02,;
nu70335ﬁ“02r
w3251115=C0,
«3BET0LLI=02,
P 353077 1~02,
LBESTGIT =00,
LEA3VB0S~02,
LETLUGB1=02,
L2533 E0T1-02y
reAQUL22«02,
a1 2T079-02,
, k990027-02,
LLBUBEDTRG2,
1738138008,
LLB20559-02,
«1516203=00,

«2dTH55534¢00,
s 1862244400,
£ 1294374400,
LH023320-01,
JS0E5T9 =01,
fHBTER1T-0L,
JUTFLHST =01,
JUOSTE2=01,
L N193235%0=01,
ZUZBE3T5-91,
LUZBATS3-01,
LAi2802R=01,
L3375515-01,
33U LYEe-01,
f3603228-01,
< 30561063-01,
341539201,
£ 325523701,
e 3115324901,
c2FBEITA~GL,
LO525000=01,
C26GEEEEm0Y,
c2RBT32301,
W CHBT32501,
23783701,
1 2251393=01,
215135501,
236785001,
n19610825=01,
s 1AB6HTA~01,
f1790107=01%,
c171RBIBE~GL,
«162851%=01,
1562567301,
e1ﬂ79935F011
LLA1985F=01,
L1383B50=01,
128935701,
128991 8-01,
g11703ﬁq”01r
110728101,
+1003L 504,
J100%4%0=01

L0658220-02,

902133802,
LAIa%u89-07,
CTURSTIL=0E
L BTLRIUT=02,
(6133379 =02,
. 554265%9~0R,
L5076380~02,
LA61UTES-02,
JULBSL20=02,
23758351=02,
JUGHAE=02,
L5160339=02,
L29T20 L=,
LELTHAZA=02,
2465431 =02,
. 223033%02,
(210042202,
197033002,
182782902,
L1715018-02,
L5502,
<0G00%00 r

23634810+00,
70322000,
Li169858+00,
2 7151720~01,
LB0I0T00=0Y,
LUBTI959=01,
ZHTS6982701,
LUB24500=01,
JUART600=01
JHBTISBA-01,
LH2L9238~01
JUDY9233T-01,
L3P6L0T0=-01,
W 3829038-01, .
2 3H5HTI5=0],
L3517260=01,
357750 ~01,
JI239BR1=01,
507817101,
e 2FUNRB3T 01,
2815797 =01¢
«2088823=01 4
L 255820001,
L2UBBTES=DS,
230716200,
G PR3A306-01,

L2113 132=01,
220421065=01¢
L4962106-01,
1B62T03-0k,
LAT8BPE2=01,
L 159382001,
160709301,
L1541882-01,
e 1NBR015=0],
LLU0NE12=Gy
L1325410~08,
Jd2t1603e01,
s h22t253-01,
AIEBAE3I-01,
LEI06152-01,
Ll0dn 18001,
L 100672901,
e?SE}ﬁ_’)S"Uar
(BTSHI9E-08
1002690202,
2 T322693=-02,
LO5IBTER2 02,
B03GR0 =02,
JSUABRTES=02
LAIBEI42~02
SAGIERNGR02,
JUNBORIZ=02,
2 JLBIB69-02,
(3ABDAB2 W02,
+3UBBSES-G2,
L 2B0ONT62=02
fCh2UThL=02,
Z2a5]1505~02
L22T2856=02,
CSROIUTOE=-02,
L1950389=02,
L1506028~02,
10916%9=02,
W 1572334~02,

LD000000



.

197, .
198,

199,

200, .

201,
202,

£03..

204,

206,
207,

208,
209,
210,
211,
212,
213,
214,
215,
216,
217,
218,
219,
220,
221,

22l .

223,
224,
225.
226,
27,
228,
229,
230,

E31,.

232,

233,
234,
235, .

236,
237,
218,

239,

240,
241,
242,

- 75
L 050351
1.02732+06
4,18650+04
0.0
44 11
2.3909+05
2
N YITROGEN
0 [XYGEW
100,
N COLD AIR
3.5151%
~L054,545

02 COLO AIR
3,53
~1059,09

2944
294, 4
2944
234,14

.823 p 018

14,008

16,0  «,232

1000, 5000,
NONED N2

-, 768

6,081
NONE: 6 2

6,06489

294.4 .
294, 4 294,14
294, 1 294, 4

294,44 LTINS

2%9Uqy

v 01 L0285 05 W15
1,5 2.5
+25 L35 e85 o b
+ 38 1.0
+9 9 600,
LG 100, 5000,
%,51515 :
~f 054,545 &,0811%
& loa, 5000,
3,53
<1059.09 by D6URT
294,87 T 2u4,y TE%4.4TT T T oLy
294, 0. 294,48 294.4 290, 4
294 ,4 294, 4 294.4 294, 4
294,4 294, 4 2944

04300
¢4201
gazoe
QuzGo
0d4501
peagg
G100
07100
p7200
07300
08160G
BGEOD
{1100
11201
ttgue
153ic0

13LAST
15201
15202
15203
15204

T1eP0l

1602
lez2n3
16204
16601
18602
16603
16604
166405
16606
16607
16608
16600
16610
I661s
jeG1e
LEST

*J:w'vupwmn-b>>b::~x>::-:>:=->>:~«-:»}a-;->

e In S PnoIx o> B I > P X Xv 2

= > o

P 3T I >



10 v : s AT

R/RT

| ‘ { o
e .\i].]
. -
AN
' I | 1 L R
0 I o _ ,

-5 ' 0 A 5 1o 15 20

X/Ry

Figure A-Z. SSME Bodel Hoxzle Contouy
Area Ratio = 77.5 ‘ '
Length = 0.376 m {14,825 in)

‘ RT = 0,014351 m (0.565 in)



A.3

BACK AND CUFFEL PREDICTIONS

INPUT DATA FOR
1010G420210212000068  JPL DATA
p )
24 .
0,01 0,06 0.1
=3, 76 3.417 0,107
1,609 He633 4,647
S5.0063 5,258 e 374
13
0,0 0. 002 0.066
0,4 0,7 §,0
10 0,99 L 3.5
0,0 0.05 D12
0.7% 0,875 095
1.0
+20833 « 20833 +20B33
+20833 «192% «15%2
07233 w0687 DOBES
.134 1685 s 189
10,21 .
240,97 _
0.0 o
36,74
2
N NITROGENM 14,008 =, 760
O ODXYGEH 16,0 =232
100, 1000, S000Q,
Hg COLD AIR NUOME. N c
3:51915
=1054,54% 6,08115
ng (DLD ALR HENED 4 2
3.53 '
~1059,09 6, 064089
0.397p 1.9972 n,9972
0,3972 0.99635 0,29257
. 7807 0.6768 GeUSHY
G,027067 D.046055% 0.012114
690, 690, 690,
690, 691, 707,
gz, B10, 808,
693, 660, 649,

AIR CARES

0,2
4,234
4,676

0,01
1?5

De25
0,985

20833
L1374
L6708

9
-
L= ]

L7
FoRY

o e
[Fa i %)
i~
(%3]

3,93
n} 05909

09972
00703
Dedbicd

LOC,
T2,

ya0,

0. 1,0
4,361 4,488
4,720 0,181
0,025 0,06
2.5 4,0
0,35 0,4
0,99 i,

,20833 ,20833

L1153 L09325

L0745 L 08517

6.9

G 100, 5000,
b,0811S
G 166, 5000,
b, 06089

06,9972 0,9972
0.9740 0,93700
Ue2317 0,§489
690, 690,
743, 775,
782, 758,

2,0
4,575

4,907

615

0.0

20833
07833
10708

0,9972
0,8659
0, 05927

690,
B23,
726,

01100
02100
05160
05201
p3zog
03203
03200
0ulo00
04201
0dz202
B4500
oaa9d1t
ouq02
05100
052018
05202
05203
05204
07100
07200
07309
021600
09600
ittol
1101
11208
13i¢a

135LA8Y

S15401

15102
i%1e2

‘_‘-1

15201
15202

15203
15204
16201
fhrtg
16203
16204
[6601
1602
{6603
16601
16605
166066
16607
16608
16609
16610
16611
1662
LAST

i
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